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(k, l) = (0, 0)
(k, l) = (1, 0)
(k, l) = (2, 0)
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l = 0, . . . , 2k − 1
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m{¡m£snxvpegf+Ls7oÄ	svcf-e*osvcf+e*osvUoÄxvy¨y©:y©x7osvf-mnUoo ¡¡sut +
 Ð4Æ+ÃOÓ'9ÈFÆ#Ã +Uo ®f{mnf+fUoDm=m£yDef4mnyqxns=y©©ºyD¡-yq©svcf{o Ay¤qf~xvoqyDeqx7oc®m+±Âb cf+t/D¡¤Df~o
egyqxvf~D¡yD ooq¤¨mnpoxvf+xnfVm£fUDs7osv¡yD/y©®sncf$f#su~yqxv³snyD®yD¡yDqto®+yqLsnxvyq¨egfU7c®om£e +
f-yDtJ¡®#pf³sncf+e sncm4mnfU·sv¡yD©ºyqx sncf³mvoDf³y©f+r®yLm£¡snyq9±
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é¸pxJegy¨f+H­svcos	f¶fVmn+xn Af x7mus*©ºyDx*sncf¡yLmnm£§O©ºxvf+f¹|~}~è e*oxvL+oDm£fD­ m*xvf+xnfVm£fUDsvfU½












h = 1 h = 3

















































svcf+e.4¡snc»sncmw"f#svxn¯f#sn§H¡Df*xnfUxvfUmnf+Lsvosnyq9­9~f*co?¤DfgoDfV ª¡  :qpxvfg "³o¹µUyLyDe yq© oq
fU¨§¼m£tm£snfUe o	y©:sncf-¡©ºyDxne*osnyqf#r7coqfU_4¢svc¹¢s7m4egysncf+x{o®	oqpqcLsvf+x yfUmU±
$&ã U&% ã('  ß äÑ





























h = 1, 2, . . . , H(k,l)
±"|¯oD7cxvyqpsnf+x









(k, l, 	 ) y©{b$}w#yDfV·snyq (k, l) xvf+xnfVm£fUDs7m¸sncfJyDpsnps pÀFf+xyq©~fU¨§¼m£tm£snfUe
(k − 1,   (p))
±  eg¡oxvtq­svcfoq+f
(k, l, 



























Û»f4¡9oqmvm£pef$sncf©ºyD¡y4¡/x7oyDef+¤qyD¡psnyq  O#yDxnxvfUmn®yD-svyb$}wÚj4|¯è³é' m #yDqfVmusv¡yD
o?¤Dyqo®#f/²$Ù å xnpf "{©ºyqxsvcm³mnf%LpfU#fD¦{4cf+»¡smf%Lposny
w
­Äsvcf4¡y¡®#xvfUoqmnfUm$y©o
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 2 ß[çÂf#s:pmfUmv#xv¡ Af[svcf¯xvy#fVmnmn¡{y©svcf¯egyf+H­xvf+xvfUmnf+LsnfV©ºyqx¡m£svoq#f
  :¡Dpxnf ±:byqDf+m=Uog Af{musvyqxvfU¡goq+fUm  ªxnfUxvfUmnf+LsnfV/ ¨tÁ+¡x7#fUm ":oÁsvxvoqm£AyqxnsnfVsvyysvcf+x






































































  ­=#yDxnxvfUmn®yDsnyo¹ pÀAfUx/ofU¨§¼m£tm£snfUe­sncxnyDpqco¹svxvoqm£¡snyq¿4¡snc×¨pxny#fVmnmn/sv¡egfD±¯b cf-ysvcf+x svxvoqmn¢sv¡yDm+­yDxnqosn/©ºxvyqe oD#fVm 4¢svcf+r












































(k, l,  











(k, l, 	 ) m4 y7qfV¡®f+fVÄ±









(k′, l′,  




 b cf-©ºfUfU oD7	oqxv³o Af+fU4¡snc&svcf/#yDqfVmusv¡yD	4y (W (k,l)m )m≥1 xvf+xvfUmnf+Lsvm~svcf/tL§oeg4¡y¬y +yqLsnxvyq yq©b$}w"±¯è{yqsn#fsnc®os*sncm*oqxvy¨fUmgyqs* ®fUco?¤qf¡qf¹½o
#oqmvm£+oqFw:f+snxv9f+sU­oDm~sncfmn¡µUf³y©:sncf-4yXpm£fV	7c®oDfUm~4¢svcsncf-oD7qf+s ¨peÁ ®fUxU±
 	  
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ÎFÅÆJÇ ÈAÆ+É¼Ã¼ÊÉ¾ËÌÈ®Í¥Î[ÏÂÐ Ç~ÒÆ+Ó·Ô¡ÌÍ h?
x












Ù¾© sncf*f#su~yqxv&m¡¡snotf+egsuty© e/p¡sn+oDmusoD7qf+svm. ºf+r+f+s-©ºyDx-sncf*xny¨ys"·­4c7c¿#yDx£§
xvfUmnAyqmsny»o¢svoq~+yq¢sv¡yD©ºyqx/sncf	w:f+snxvf#s*oqm/f+·svfU  :¡Dpxvf  ­:svcf+9­=4¡sncsncf
oq ®y¤Dfoqmvm£pesnyqmU­svcf/t¨oqe+m$y©"sncf/egyf+xnfVm£fULsnfU¹¹sncf/oqm£s¸m£p m£fV·sv¡yD&m$q¤qf+¹ ¨t
svcf³©ºyqy4¡f+¤Dyqpsnyqf%Lposnyqm4os sncf-xvy¨ys4yf  º4cfUxnf
∨
fUysvfUm~sncf-egor¡eÁpe@"$¦
x(0,0,    )m = Tm ∨ x



























k ≥ 1, l ≥ 0
¦
x(k,l,  )m = x
(k−1, (k,l),    )
m ∨ x
(k,l,     )
m−B




















































b cfVm£f  ªegorÄ­ pm "¸xnfV#px7m£yqf%Lposv¡yDm$snpxv¥yDps³sny¹ Af¤Df+xvt¹cot&sny¹#yDepsnfg»o	¤qfUxnt
f+ÜJ#f+Ls o?t¥snx7omnegmvm£yqy©{oD7qf#s7m/oxvqf_f#su~yqxvF±»b cfUt×oxvf_pmnfU¡sncf¹mn¡eÁposnyqm
xnfVm£fUDsvfU	¡  fV·sv¡yD¹±¡hD±
 	      	  (  	       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V = {(0, 0,  	 , m), (0, 0, 
  , m), m ∈ Z}
∪ {(k, l, h, m), k ≥ 1, l ≥ 0, h ∈ { 	 , 1, 2, . . . , H(k,l), 
  }, m ∈ Z}
ìì 
/ô07ó1





E1 ∪ E2 ∪ E3 ∪ E4 ∪ E5
4¡snc¿¦
E1 = {(0, 0, 
  , m)→ (0, 0,  , m), ∀m ∈ Z}
∪
{
(k, l, 1, m)→ (k, l, 	 , m), (k, l, 




(k, l, h, m)→ (k, l, h− 1, m),
©ºyqx
h = 2, . . . , H(k,l)
o®
∀k ≥ 1, l ≥ 0, m ∈ Z
}
∪ {(k, l, 	 , m)→ (k − 1,   (k, l), 
  , m), ∀k ≥ 1, l ≥ 0, m ∈ Z} ,




∀k ≥ 1, l ≥ 0, m ∈ Z}
E3 =
{




(k, l,  , m)→ (k, l, 









∀k ≥ 0, l ≥ 0, m ∈ Z} .
























h ∈ {  	 , 
  } ±$b cf~f+qcLs    (π) yq©¯o*osvc π ¡ G mf®fUoDm~sncfmnpeyq©svcf-~f+qcLsvm~y©:sncf-¤qf+xnsn#fVm~y©
π
±













Ù¾sm³sncf+¿®yLmnmn ¡fgsvy&m£cy´ ¨t¥o»p#snyqoxvqpegfUDs- oDm£fVyD¿| %Lposv¡yDm  O8"¾§ 3"¸svcos
©ºyDx{o





(k, l, h, m) (0, 0, 	 , 0)
{
    (π)} .  8"
Ù¼¹4cos4©ºyq¡y{mU­¨f-oqmvmnpegf¸svcos4svcf-yqps£§¼f+DxnfUf  ªyqx ©ªo§HyDps "~yq©Âsncf³snxvf+f-m  ®yDpfV	 ¨t_o
+yqm£svoqLs
D
±[Ö{fUx sncm{oDmnmnpegsnyqÂ­oqm4mncy4		sncf  fV·sv¡yD  ± ­
 o¨tJ¤Df+xnsnf#r	¡ G c®oqm4og¨pe/ Af+x4yq©fU¡Dc¨ ®yDxvm  Ayqp®fU ¨t_og#yDmus7oLs+
 sncf³f+qsnc	   
 (π) y©o/osvc π ­fUoD¡©ºxvyqe (k, l, h, m) sny (0, 0, 	 , 0) ¡ G +oq_ Af ®yDpfV Ltog#yq®mus7oLs~eÁp¡sn¡fU¹ ¨t
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Ù¼gsvcm¯mnfU·sv¡yDgf{fUegyqm£snx7osvf sncos[sncf{©ºxvoqefUyDxnsncos¯f$¡Lsnxvyp+fUg+oq Af{pmnfUsvyegyf+
oD¡snyqoq"oq7Df#s£§¾f+¤qfU:oDm£AfU#syq©4é¸¤Df+xvo?t å p¡sn+oDmus-pmn¡¹b$}w"±9b cf*mnf+¡©î§¾+¡y7¨_egyf+=yq©
ìì 
/ô07ó1
h   $Ì, ,7Æ+ÔîÔ('¸ÏÂÅÌ'îÈÃHÓnÆ7Ì '
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)7ÊÒ






 yqxsncfmvoDf/y©~#fUoxf#rAyDmn¢sv¡yD9­Ffx7mus-m£snpt¹svcfÈAÊ  'îÈAÌÔ ,7Ì+ Æ#­Ä4cf+xvfÁyD¡t¹yDf+yq§
fU·sv¡yDJm~+yqmnf+xvfU*_mnyqosnyqJoqJ4¡sncm£pÜ*+¡fULs~ pÀAfUxsvy/xvfU+f+¤qf¸oq¡®sncfosvo ªmny/svcos ¢s
~yq6' s  ®f³¬pfU#fVJ ¨t* oD7D§¾xvfUmvm£pxnf "·±ÂÙ¼	sncm4Uoqmnfq­Loq7Df#svm oqxnfm£fUDs  ¨tgsncf-b$}wÚm£yDpx7#fUm~oqm
mny¨yqoqmsncf-+yqDfUm£snyqJ4y]o¡y{m¢s$ ª4cf+	sncf³oD7qf+ssvy Af-m£fUJm4os4egyDm£s~sncf³cqcfVmus
mnf%LpfU#f³¨peÁ ®fUx{oq7¨y4fUDfU*pm¸}Û è  "#±


































m, m + 1, . . . , m + Wm
oxvf*m£fUDsV­9svcf_#pxnxvf+LsÁ}Û è# m-c®o¤qfU9­Âo»¬®osnfU» ¨t






(Wm + 1)/2 + 3
±{è{fUoq7Df#s7m+­sncos¸~f+xvf/oxnfVoqtm£fULsU­




m + Wm + k
m$f+eg¡s£snfV¶4cfUp¡+osnf/²$}#" +yqxvxnfVm£Ayq¡svy_oD7qf#s


















m + Wm + (Wm + 1)/2
m svcLp®m ¡egegfUosvf+t	mnf+LsU±
byÁmnpege*oxv¡µUfq­D©ºyqx¯®oq7qf+s
m+1, . . . , m+Wm
­Lsncf¸4¡®yØmf+¤Dyq¤¨¡-®osnpxvoq¡tÁ4¡snc_sncf
oD¡sn¤qf+xnfVoqmnfq±$b cfU¡s¸m
max((Wm − 1)/2, 1)
©ºyDx$oD7qf+svm
m + Wm + 1, . . . , m + Wm +
(Wm − 1)/2
±²4¡sn¤qf¡+xnfVoqmnf_mÁsncfUxvfUmnpegfU©ºyDxÁ®oq7qf+s




   	  Áã('  ß   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b cf¸xvf+xvfUmnf+Ls7osnyq_y©9svcf³¡yLmnm~y©:o/oD7qf+s_svcf³yq	yqegoÄ+oDm£fmegyDxnf³#yDe¡f+r_oqm m£yDegf
yq©¯svcfgoq7Df#svm
m + 1, m + 2, . . . , m + Wm
eg¡DcLs³ys-co?¤qff#©îs-sncfgmnyqpxv+fÁ4cfUsvcf*yDmvm¸yq©
êºë:ì9êîí
ÎFÅÆJÇ ÈAÆ+É¼Ã¼ÊÉ¾ËÌÈ®Í¥Î[ÏÂÐ Ç~ÒÆ+Ó·Ô¡ÌÍ h
m
m~f#snfV·svfUÄ¦:sncf¸fUemvm£yqJyq©9sncfUmnf¸oD7qf+svm[m o¡y~fUg ¨tsncf+yqDfUm£snyqJ4y-­L ps4ysvcf+x















m, m + 1, . . . , m′
©ºyq¡y{m{o
yqxvegoq:oD¡sn¤qfÁ¡+xnfVoqmnf4+F¡s³m$sncfU¥Df+s³#yq®mus7oLs¸svy








m′ + max((Wm − 1)/2, 1) ≤
m + Wm + max((Wm − 1)/2, 1)
±
b cf³©ºyD¡y4mne¡ fU4yXf+¤qyD¡psnyq
 sncf44ym=mnf#s"sny max((Wm−1)/2, 1) ©ºyDx m+1, m+2, . . . , ..., m+Wm+max((Wm−
1)/2, 1)− 1
+
 sncfoq¢sv¡¤Df*¡+xnfVoqmn¡&f+¤qyD¡psnyq¿y© sncfJ4¡®ym/xnfVm£pegfV©ºxvyqe.oD7qf#s m + Wm +
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(k, l, h, m)
±  yDxoq¡





′(k, l, h, m)
yqsvyq*y© 



















 {yDxnµ+yDDs7o:fUDfUmU¦  ′(k, l, 1, m) →   (k, l,  , m) oq  ′(k, l, h, m) →   ′(k, l, h − 1, m)©ºyqx
h = 2 . . .H
­








 |¯Df E6 ¦  (k, l, 
  , m) →   ′(k, l, Hk,l, m + Wm − 1) ½yDxvf+xsny¿xvf+xvfUmnf+Lssncf&xvf#§m£f %Lpf++¡yq©:®oq7qf+svm
m, m + 1, . . . , m + Wm − 1
±









b cf¸#yDeg¡f+snfqx7oc  ª¡®#poq¡Asut¨AfUmy©ÂfVqfVm
















B  = B  = B
±
 	   (  
 % 
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h = 
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k = 1 k = 2
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#'ªÌ)7ÊÒ
¡s/mfVoqmnt¶sny¥m£cy´snc®os/xvy¤¨fU» o®4snc×mncoxv¡&m©ªoxyq¿svcfJoqm£s£§¾ef*¡F­:sncfUsncf






























 b cf®oq7qf+s_yDmvmJxvyq oq ¡¡sutÕb$}w3+yqfU·sv¡yD (k, l) m_ AyqpfUØ©ºxnyDe oq ®y¤Df& ¨t½o#yDmus7oLs
p
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  ã      ã    
Ù¼svcf³cyqegyqDf+fUyqpm Uoqmnfq­¨sncf+xvff+rm£svm4o*+yqm£svoqDs
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(0, 0, 	 , m′) (0, 0, 	 , m)
{
    (π)} , m < m′.
 yDx{o















(0, 0,  	 , m′) (0, 0, 	 , n)
{





















(0, 0,  	 , m′) (0, 0, 	 , n)
{










(0, 0, 	 , m′) sny (0, 0, 	 , m) o sncosDy×svcxnyDpqc
(0, 0, 	 , n)  îsvcmm[svxnpf$ ®fV+op®m£f σ(0,0,    )m = 0 ©ºyqx o m "[oq*cfU#f¸¢s~m~mnegoq¡f+x[sncoq ξm,m′ ±$f++fq­
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¢s ©ºyqy{m¯©ºxvyqe "³Degoq_mnp oq¢sv¡¤Df  Ooq#snpoq¡t_mnp®fUx£§





ξ0,m = ξ .
ìì 
/ô07ó1


















x(0,0,   )m ≤ x
(k,l,h)
m ≤ x
(0,0,    )






(0, 0, 	 , m) sny (0, 0,  , 0) +o¿ Af_fVoqmn¡t¥+yqegf#snfV¿¡Lsvy¶o&osvc¿©ºxnyDe (k, l, h, m)svy
(0, 0, 	 , 0) ±b cf¥mnfU+yqØf %Dp®o¢sutØ#yDegfUmJ ¨tØ#yDeg¡f+snÝoosvcØ©ºxvyqe (k, l, h, m) svy
(0, 0, 	 , 0) 4¢svc	svcfox7
(0, 0,  , m + B  + k × (B  + B  )) (0, 0,  




(k′ + 1, l′′)
svcf+xvf-f#rmus7m4oÁ®osnc¿¦
(k′, l′, 0, 
  , n) (k′ + 1, l′′, 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E[etσ ] ≤ A(t) < +∞,
 uhqh "
©ºyDx{o
0 ≤ t ≤ τ
±
êºë:ì9êîí
ÎFÅÆJÇ ÈAÆ+É¼Ã¼ÊÉ¾ËÌÈ®Í¥Î[ÏÂÐ Ç~ÒÆ+Ó·Ô¡ÌÍ D
  ß¨ã  ß  Ï[ÊÈ +' $qÆ+Ó_ÌÈÊÒÆ+Ó·Ô¡ÌÍ  Ô Ã ' ,vÌ+·Ã{ÃOÓvÆvÆ  'îÃîÅ 'îÈ [È 'îÃ¾Æ/ÅÆ '
?Å¨Ã
k = 0, 1, 2, . . .  È%$DÆ#ÓÃºÅÆÌ+ +   AÃ 'ªÊÈ +-ÃºÅÌÃ¯ÃºÅÆ/Ô¡ÌXÊ 
σ
' +-Ô('








 (H, D) > 0 a.s. .
È '  #ÊÓ Ô Í'îÈ
(k, l)





ÃºÅÌÃ[ÊÈÃºÅÆ4ÅÊ¶È  )7Æ#Ó  ÈÃîÅÆ ÌÓ·Ã ' , Ô¡ÌÓ ,vÌ+ Æ-Ê  ¸Ì³ÅÊ	gÊLÆ#ÈFÆvÊ+ÈFÆ#Ã ¯ÊÓÂÃºÅÆ ÓvÊ  ,7Ê   È ' ,7ÌÃ 'ªÊÈ	ÃîÅÓnÊ ?ÅÃ
γ
' +)7ÊÈ&$qÆ $  7ÓnÊ	 )7Æ+Ô¡Ê")#Í/Ì Ê+ 'îÃ 'îÒÆ,7ÊÈ +·Ã¾ÌÈÃ
ÃºÅÌÃ $DÊUÆ +ÈAÊÃ $qÆ Æ#È&$	ÊÈÃºÅÆ + 'VÆÊ  ³ÃºÅÆ/ÃOÓvÆvÆ 
Ð ÓnÊUÊ  b cf¿x7oyDe ¤oxvoq ¡f
x



























(k, l, h, m)
sny
(0, 0, 	 , 0) +oqys¯+yqegf4 oD7svy»sncf&mvoegf	¤Df+xnsnf+rF­~oÝom£y¥sncf¶m£f+sgyq©$¤qfUx£sv+fUmg#yDLsvofV×Úmnp7c½o¥®osncÚ+oqyqsf+r+f+fV






(k, l, h, m)
svy
(0, 0, 	 , 0) m  AyqpfU ¨t¶¦
(max(3, D + 1))(H+2)k+2(H+2)m+H+1 .





 (π) ≥ xm) ≤ e−txmE[et   ! " (π)]
≤ e−txmA(t)(H+2)k+2(H+2)m+H+1
²$	pm£/sncos~svcf³xvyq oq ¡¡sutyq©mnyqegf¸p¡yD_yq©Âf+¤Df+Lsvmm p®fUx  ®yDpfVJ ¨tgsncf-mnpe y©sncf
xnyD o ¢sv¡fVm+­¨~fm£fUf¸svcos4svcm4¡egfUm~snc®os4©ºyqx
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+yq¨¤qfUxnDfUmU­[m£y¥snc®osg©ºxnyDe sncf yDxnfU¢§£}~oLsvf+¡~¡fUegego­
P (lim supm→∞ x



















1 ≤ h ≤ H







m~sncf-e*or¨e/pe 4yXmnµ+f  ºyqsnf³svcos$b$}wÚeAyDmnfUm~svcos
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å yDxnfÁxvfU#mnf+tq­®çÂf+ege*o	± 	¡ ý"Uo¶ Af/pmnfU¥oegyDm£s¸xnfV·sntsny	f#r¨snfU¶b cfUyqxvf+e.hsny






















ÎFÅÆJÇ ÈAÆ+É¼Ã¼ÊÉ¾ËÌÈ®Í¥Î[ÏÂÐ Ç~ÒÆ+Ó·Ô¡ÌÍ 	
c®o?¤qf  ®fUf+*oxvfUoqtxvy¨+fUmvm£fVÁoqgmnUox7fUÁ ¨tÁoyqsncfUx[qxvyqpegf+eÁ ®fUxvmU­f#r+f+s[©ºyDx"sncf{©ªo¡fV
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 ' ä á  ãá 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 % C%º à[Û»f¸ff¸y¤qfUxno?t/eÁp¢svUoqm£smnt¨m£snfUesny/ AfÆ+È%$É¼Ã¾ÊÉ
Æ+È%$ÓvÆ#Ô('ªÌ)#ÔÆ  'îÃºÅÃ¼ÊÔ¡Æ+ÓnÌÈ&,7Æ-Ã¼Ê
m




























xvfUmnAfU·sv¡¤Df+tq±=² )7Ì,   )  ¸Æ#Ó/Ê ÊÓ $DÆ#Ó
r
coqm4mnµ+f
(r · (Bmax + Bmax ) + Bmax )
±
  % C,Â ß _ß  ãAß  à C Aã  %ª   [Û»f¸p®m£f¸sncf¸©ºyqy4¡m£egfoq¡Dyqxv¢svcesnyxnfV#y¤qfUx=©ºxvyqe
©ªoq¡pxvfUmU±9Û»f¯m£c®oq+oq¡y¨f
(k′, l′)
























  ß¨ã  ß   :¸È¥ÊÒ?Æ+Ó·Ô¡ÌÍ  Ô¢Ã ' ,7Ì+·Ã +·Í+7Ã¼Æ   'îÃºÅ
)7Ì,   )  $Æ#ÓÊ  +'UÆ
(m · (Bmax + Bmax	 ) + Bmax )
' +/Æ+È%$É¼Ã¾ÊÉ£Æ#È&$gÓnÆ+Ô('ªÌ)+Ô¡Æ  'îÃºÅ¹Ã¼ÊÔ¡Æ+ÓnÌÈ&,7ÆÃ¼Ê
m
 #Ì'îÔ ÓnÆ + 
ìì 
/ô07ó1
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, ,7Æ+ÔîÔ('¸ÏÂÅÌ'îÈÃHÓnÆ7Ì '
	#'ªÌ)7ÊÒ
Ð ÓnÊUÊ  bÂyÁfUm£snegosnfxnf %Lp¡xvfUJ oq7¨pJ pÀAfUx4m£µ+fD­L~f7xvm£s~+yqmnf+x oÁ7c®oJy©Ây¨fUm
(k1, l1)→


















































































svyqf+x7o+f¸¡snf+x7osvpxvfq±[b cf³xvy¨y©yq©"b cf+yqxvf+e°ÁoD·svpo¡t_xny¤DfUm oe/p7c&m£snxvyqDf+x xvfUmnp¢sV­4c7c
~f-mus7osvf¡s$oqm4og+yqxvyqoqxntgcfUxnfD¦
Áã  ã C,Cª à  :¸È¥ÊÒ?Æ+Ó·Ô¡ÌÍ Ô¢Ã ' ,7Ì+·Ã +7Í+·Ã¼Æ   'îÃîÅ)7Ì,   )  ¸Æ#Ó/Ê + 'VÆ
(m · (Bmax + Bmax	 ) + Bmax )
' +*Æ#È&$É¼Ã¼ÊÉ£Æ+È%$	ÓnÆ+Ô('ªÌ)+Ô¡Æ  'îÃîÅ¥Ã¼ÊÔ¡Æ+ÓnÌÈ%,7ÆgÃ¼Ê
m
+ ' Ô Ã¼ÌÈFÆvÊ+ÌÈ&$,7ÊÈ + Æ , Ã 'îÒÆ  #Ì'îÔ ÓnÆ+ 'îÈÌ,vÅÌ'îÈ
Ê ³ÃîÅÆÃHÓnÆ7Æ 
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(k + 1, l′) ∈ S
svcos{c®oqm4mnp snxvf+f³yq©:oxvqfVmus4f+snc9±
 ±$}cy¨yDmnf-oÁy¨f
(p, q) ∈ A
sncos{m$#yDmnfUm£s~svysncf-xvy¨ysU±
±$}yqfU·s





S ← S \ {(k − 1, l′)}
o®	oD	oD·sv¡¤Dfy¨fUm ©ºxvyqe mnp svxnfUf³y©












DyDoqm[oqxnf¸m£f+sU­ox7oyqe7cyq#f{yq©9p¡*yf Omusv¡Äm£p zufU·ssny/©ªoyDps~+yqm£snx7oLsvm " m¯©ºfUoDm£ fq±
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 	 %  &   &(      %   
Û»f x7musJxvf+Ayqxnsgsncf¶mne/posv¡yDÚm£snp®¡fVm*yqÝsncf¶mnUoo ¡¡sut×mnmnpfD± Ù¼Úoxnsn#pox*~f&ooq¡t¨µUf
svcfsncxvyqpqcps³yD svoq¡fU&©ºyDx-¡yD¡fsvxvoqmu©ºfUxvm¥oxvqfqxvyqpm+±/Û¥f*pmnfÁ©ºyqx³sncm³pxnAyDmnfo





   Aß  
 %  ß  ' ä 
 %  Cª&% ã('   ß '    ²{Af+xn©ºyqxve*o+f4xnfVm£p¢s7m[oxvf4q¤qfU*oD7qf#s7m+­
sncosmsvcf*f%Lp¤of+Ls-y©suy å   ±# yqx-xvf#©ºfUxnfU#fgo®»+yqegosn ¡¡sut¶4¢svc¥yDpx-w[of+s£§
çÂoq ×f#rAf+xv¡egf+Ls/~f_4~oDmnmnpegf*snc®os å  
 
hUD ­Âmny&snc®oso¶oq7Df#s/mqq   ªmnf+f_sncf
mn+pmnmnyq¶os$sncfÁf+&yq©   ±h "#±4Ù¼&fUoD7c¶m£e/posv¡yD&xnp9­®~f/mn¡eÁposnfsncf/snx7omnegmvm£yq®m
y© hU å oD7qf+svm  ºf %Dp¡¤of+Ls sny_   Øy©"os7o8"#±
    ß¨ß  ~ã  ã C ã ®à  Û»f_xvf+AyqxnsÁxvfUmnp¢s7myD¡t¿yD¿sncf¹+oDm£fJyq©{ oo®#fU¿ ¡oqxnt¥snxvf+fD±¥b cf
f+§¾mntmusvf+e*m4oqm ~f+9oqm~svcf-f#su~yqxvJ#yDfV·snyq®m4oxvfcyqegyqDf+fUyqpm  ªmnf+f- Af+y;"·±
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 ºH± fD±JhU " 5"·­Fo
B  
¤?oqxnfUm³oDmq­hUq­¡hVqDoq×hV_Dq*oD7qf+svm  ºxvfUmn9±*hU " ¸­F " ¸­
D " ­D å  "#±Dè$ysnf{sncos¯¡Jsncm¯mv+oqoq ¡¡sutÁo®ot¨mnm+­qsncfm£µ+f{yq©Fsncf{ ®oq7¨p* pÀFf+x~y¨fUm
ysco?¤qf4o¨tÁf#ÀFfU·sV±=b cLp®m+­q©ºyqx=svcfUmnf{f#rAf+xv¡egfUDs7m=~f{co?¤qf
Wmax = min(B  , B   ) = 50oq7Df#s7m+±
   ã    Â 
 q2CO % C%ª à~Û¥f-co?¤Dfmne/posvfU#yqegf#svf¸ ¡oqxntJsnxvf+fUm~yq©:mn¡µUfUm psvy¹hUD 
y¨fUmU­q4¡sncJ¡ÀAfUxnfULs¯¤oxvoqDs7m"y©Äcoq¡-yq©Ä¡yLmnmnfUmU¦Âb$}w×j4|¯è³éÕsut¨®f$ ª4¢svc*©ªoqm£s[xnf+snx7omneg¢s"·­
b$}w  ²$}#" oq/b$}w»y¤qfUxÂ|~}~è/±Û¥f4omny¸#yDmnfUxnfV³sncf~egoq#s:yq©yqpsnps= pÀAfUx"mnµ+fq± :¡Dpxvf
	m-¡pm£snx7osvfUm³svcf*sncxnyDpqcps/oqmo©ºp·sv¡yDy© sncf_qxvyqp¿m£µ+f*¿sncf_+oDm£f*yq© b$}w=§  ²$}#"g±
Ù¾sgmÁfVoqmntsvy»mnf+f_sncosU­ %Lp¡snfDsvp¡sn¤qf+tq­[sncf¹qxvyqp¿sncxvyqpDcpsgmÁo»fU+xnfVoqmn¡&©ºp#snyqyq©
svcfDxnyDpmnµ+fo®oq¹¡+xnfVoqmn¡Á©ºp·sv¡yD&y©:sncfyDpsnps$ p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TCP using SACK ; Overlay with 10 Routers ; Packet Loss Proba =0.01
Service Time : Exponentially distribued with mean = 10ms
Buffer = 10 000 Packets
Buffer = 1 000 Packets
Buffer =  100 Packets
Buffer = 50 Packets
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TCP Reno ; Overlay with 10 Routers ; Buffer=100Pkts ; Packet Loss Proba =0.01
Service time with mean = 10ms
Exponential law
Pareto law with parameter 2.1
Pareto law with parameter 1.9
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TCP Reno ; Overlay with 10 Routers ; Buffer = 40 Pkts
Service Time : exponentially distribued with mean = 10ms
One connection
Group size=126
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Number of Fail-Join Iterations
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random
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